O minimum is likely caused by a combination of warm air temperature, weak moisture transport, and cool ocean temperature. Based on the age scale, the average accumulation rate from 1960 to 2014 is reconstructed as 1.02 m yr À1 in water equivalent. The annual accumulation rate shows an increasing trend with a slope of 3.6 mm yr
Introduction
A precise relationship between the age and depth of an ice core is essential for interpreting paleoenvironmental proxies preserved in ice (e.g., Meese et al., 1997) . For ice cores, the depth versus age relationship is determined by counting annual layers of the concentrations of chemical species and isotopic composition. In Greenland, inland dome ice cores have countable annual layers (Greenland Ice Sheet Project 2 (GISP2)) Meese et al., 1997, and NGRIP: Svensson et al., 2008; Vinther et al., 2010) , which can be identified by the annual fluctuations in soluble impurities, electrical conductivity, and oxygen and hydrogen isotopes in the ice (δ 18 O and δD). Additional time markers provide additional constraints to tune the age-depth relationships. Typical time markers are peaks in acid concentrations from volcanic eruption layers (Hammer et al., 1980) and peaks in β-activity from nuclear bomb test layers (Holdsworth et al., 1984) .
The precision of annual layer counting depends on whether annual layers are clearly identifiable in the isotope and chemical records. Meese et al. (1997) showed that the uncertainly in ages was 2% for the GISP2 core during the Holocene. In low snow accumulation sites, the isotopic composition of surface snow is also affected by isotopic exchanges with ambient atmospheric water vapor in between precipitation events (Steen-Larsen et al., 2014) . Postdepositional effects also include diffusion of the stable isotope compositions of ice (Hoshina et al., 2014 (Hoshina et al., , 2016 Town et al., 2008) and snowmelt (Koerner, 1997) . Therefore, the high accumulation rate, which minimizes postdepositional effects, is a key factor for precise layer counting. et al., 2012; Sjolte et al., 2011; Yoshimura et al., 2008) . The isotope models simulate isotopic variations in precipitation, for example, at a drilling site, which can be used as a template for matching the ice core isotope profile. Although the matching can be carried out only within the period covered by reanalysis data, high-precision dating should be useful for investigation of other proxies preserved in ice cores such as volcanic sulfates (Plummer et al., 2012) , chemical composition of sulfate aerosols particles (Iizuka et al., 2012) , black carbon (McConnell et al., 2007) , isotope compositions of nitrate (Geng et al., 2014) , and radiogenic aerosols (Berggren et al., 2009) , extending to the period before instrumental observations of these chemical components began.
Here we demonstrate a precise dating method of a shallow ice core using output from isotope models as a template record. We used a new δ 18 O record from a 90.45 m depth ice core obtained from southeast Greenland (hereafter, SE-Dome) . The SE-Dome ice core is especially suitable to test this approach because of its distinctly high accumulation rate, estimated to be~1.0 m yr À1 (water equivalent ice accumulation) (Iizuka et al., 2017) . This guarantees a paleo-environmental reconstruction of high-temporal resolution with minimum postdepositional effects. We used two isotopic models, REMO-iso and iso-GSM. REMO-iso is a mesoscale climate model fitted with stable water isotope diagnostics nudged to follow observed weather patterns (Sjolte et al., 2011) , while iso-GSM is a global three-dimensional stable water isotope model . The clear covariation between the data and models enables us to establish subannual age-markers. The precision of the age scale is evaluated using the tritium and sulfate age-markers and the seasonal variation of sea salt. We will discuss the detailed variations in the isotope compositions over the past 54 years, with a focus on the anomalously warm winter in 1995/1996. Furthermore, the precise age scale enables us to reconstruct the seasonal changes in the snow accumulation rate at SE-Dome, suggesting that the accumulation is uniform in all seasons and that a long-term increasing trend in annual and autumn accumulation rates exists over the past 54 years.
Materials and Methods

SE-Dome Ice Core
A 90.45 m depth ice core was obtained at SE-Dome in southeast Greenland (67.18°N, 36.37°W, 3170 m above sea level (asl); Figure 1 ). The annual mean temperature is À20.9°C based on the 20 m depth firn temperature . The accumulation rate is estimated to be~1.0 m yr À1 in water equivalents between 1963
and 2015 based on tritium and electrical conductivity measurements (Iizuka et al., 2017) . This is the highest accumulation rate among the domes on the polar ice sheets, at 4 times that of typical inland Greenlandic core sites, and 30 times that of typical inland Antarctic core sites.
Isotope and Ion Measurements
The SE-Dome ice core was cut every 50 mm of depth in a cold room at the Institute of Low Temperature Science (ILTS), Hokkaido University, Japan. The upper part of the core, above 12.5 m, was cut every 100 mm of depth because of its low firn density. The surface of each sample was then decontaminated using a clean ceramic knife in a cold clean room (class 10000) and placed into a clean polyethylene bottle. The samples were melted at room temperature in a clean room.
The stable oxygen isotope composition of water was measured using a water isotope analyzer (Picarro L2120-i, Picarro Inc., Santa Clara, CA, USA) with an evaporating device (Picarro, A0212 vaporizer) at the , and Na + were measured by ion chromatography (Thermo Scientific, ICS-2100; Dionex CS-12A column with 20 mM methanesulfonic acid eluent for cations; and Dionex AS-14A column with 23 mM NaOH eluent for anions). The analytical precision of the ion concentrations was 10%. Large peaks in the ion concentrations were carefully checked. First, the peaks were identified by comparison with the data from two adjacent samples. Then, if the 3-point running standard deviation was significantly large (>3σ), the detected outliers were remeasured in a new ice sample from the same depth. A full discussion of the ion concentrations can be found in another paper. In this paper, the Cl À , SO 4
2À
, and Na + concentrations were only used to evaluate the age scale.
Isotope General Circulation Models
REMO-iso is a regional climate model with isotope diagnostics included in the hydrological cycle (Sturm et al., 2005) . The model was setup with a 0.5°rotated horizontal grid (approximately 55 km) with 19 vertical hybrid levels and run over the Greenland region, while being nudged spectrally toward the wind field of the ERA-40 reanalysis data set (Sjolte et al., 2011) . The model run covers the period 1959-2001.
The iso-GSM is an atmospheric general circulation model (GCM), into which stable water isotopes are incorporated (Yoshimura, 2015; Yoshimura et al., 2008) . The model uses the T62 horizontal resolution (approximately 200 km) and 28 vertical levels up to 10 hPa (approximately 30 km altitude), and the temporal resolution of the output is 6 h. The model was spectrally nudged toward the wind and temperature fields from the National Centers for Environmental Prediction (NCEP), Department of Energy Reanalysis 2 (Kanamitsu et al., 2002) , in addition to being forced with the prescribed sea surface temperature (SST) and sea ice data from an NCEP analysis, from 1979 to present. The general reproducibility of the model on daily to interannual timescales has been well evaluated by comparing it with the isotope ratio of precipitation Yoshimura et al., 2008) , the isotope ratio of vapor from satellite and in situ measurements (Okazaki et al., 2015; Uemura et al., 2008; Wei et al., 2016; Yoshimura et al., 2011) , and isotopic proxies (Yoshimura, 2015) .
From both models, we used the isotope data of precipitation for the grid box nearest to the SE-Dome. Although the site is close to ocean, the grid box is land in the two models. Model elevations are 2352 m and 1663 m for REMO-iso and iso-GSM, respectively, with the actual elevation of the core site being 3170 m. The data for two isotope models cover different periods, 1959-2001 for REMO-iso and 1979-2015 and for iso-GSM. During the overlapping period 
Dating of Ice and Reconstruction of Snow Accumulation
The SE-Dome δ
18
O and δ 18 O model variations were matched by selecting manually 170 tie points from 0.8 to 86.5 m depth using AnalySeries software (Paillard et al., 1996) . This matching provides a relationship between the depth (ice core) and date (model). Then, the SE-Dome core age scale based on the isotope composition 1979-2015 1959-2001 1956-2014 Journal of Geophysical Research: Atmospheres 10.1002/2017JD026716
(SE dome ISotope age scale; hereafter, SEIS2016 age scale) was constructed by linearly interpolating between the points.
To obtain the annual accumulation rate, the depth was resampled at 1 year intervals based on the SEIS2016 age scale during 1960-2014. The depth of 1 year interval indicates the annual accumulation rate in snow equivalents. Then, the snow accumulation rate in water-equivalent depth was calculated by multiplying snow density (Figure 2 ). In the same way, the seasonal accumulation rates were obtained based with seasonal boundaries of 1 March, 1 June, 1 September, and 1 December.
ERA-40 and ERA-Interim Reanalysis Data
To evaluate climate records in the SE-Dome ice core, we made a long continuous reanalysis record by combining the ERA-40 (1958 ERA-40 ( -2001 and ERA-Interim (1979 -2014 ; hereafter, ERA-I) reanalysis data sets produced by the European Centre for Medium-Range Weather Forecasts (ECMWF) (Dee et al., 2011; Uppala et al., 2005) . The combined record of the two products (hereafter, ERA-40-I) was prepared as follows. A linear regression of the monthly variables (temperature and precipitation) of ERA-40 and ERA-I for the overlapping period 1979-2001 was written as ). The daily mean air temperature at SE-Dome was estimated from the temperatures at two geopotential heights bounding/containing the elevation of the site (3170 m asl) in the manner of Sakai et al. (2015) . Then, the linearly calibrated ERA-40 data were connected to the ERA-I data .
In addition, to analyze the winter conditions in 1995/1996 (section 3.3.), the anomalies of the winter mean (December, January, and February) of the 2 m air temperature, SST, and wind at 850 hPa were also calculated from the long-term mean in the ERA-I data. O (1981, 1987, 1990, and 1992 ). These results demonstrate that the precise age scale of a shallow ice core can be established by matching with the output from isotope models. Figure 4 shows the SE-Dome δ 18 O variations with age markers on the SEIS2016 age scale. Two age markers, tritium and SO 4 2À , provide independent tie points for the age scale. First, a tritium content peak is observed from 81.38 to 81.88 m (Iizuka et al., 2017) . This depth interval corresponds to 1963 (from January to 
Results and Discussion
Isotope Variations From the Ice Core and Models
Evaluation of the Dating Uncertainty
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December) in SEIS2016 age (Figure 4a ), consistent with a major peak in β-activity in 1963 caused by nuclear bomb testing (Clausen & Hammer, 1988; Holdsworth et al., 1984) . The 1963 peak is also consistent with the 239 Pu records at D4 and Summit ice cores (Arienzo et al., 2016) , although the 239 Pu records show maxima in 1962 at northern sites (NEEM and TUNU; Arienzo et al., 2016) . Second, the Pinatubo eruption, the largest volcanic event of the 20th century, which occurred on 15 June 1991, can be identified in the high SO 4 2À peak at 43.49 m in the SE-Dome ice core. This depth corresponds to May 1992 in SEIS2016 age (Figure 4b ). The time lag between the eruption and the SO 4 2À peak is attributable to the time required for the volcanic gas to be oxidized and transported to the northern high-latitude region through the stratosphere. An atmospheric transport model estimated that the maximum aerosol optical depth reached its maximum in the latter half of 1992 in the 70°S region (Gao et al., 2008) . Another atmospheric chemistry simulation showed that the maximum aerosol optical depth occurred around the spring of 1992 (Dhomse et al., 2014) . Therefore, the accuracy of the SEIS2016 age scale is also supported by the SO 4 2À peak in 1992, associated with the Pinatubo eruption. O data of iso-GSM (green) and REMO-iso (yellow) were also shown in b.
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The uncertainty in the age scale on a subannual time scale can be evaluated indirectly using the concentrations of sea-salt ions, Na + and Cl
À
. The Na + concentration in Greenland is highest in winter due to a high sea-salt content of aerosols and/or late winter cyclonic storms (Whitlow et al., 1992 gaseous Cl (Whitlow et al., 1992) . This seasonal marker is used to date shallow ice cores from Summit (Geng et al., 2014 ). The precise timing of peak months was determined by a daily sampling of surface snow at Summit over 1997 -1998 and 2000 (Dibb et al., 2007 . The snow data revealed a Na + maximum in February and Cl À /Na + maximum in July ( Figure 5 ).
The Na + and Cl À /Na + records from the SE-Dome ice core are shown in Figure 4 . Generally, Na + peaks in winter, and Cl À /Na + peaks in summer. Monthly averaged data of the Na + concentration and Cl Figure 5 ) In fact, the peak months in the ice core and daily snow data agree within a few months. This result suggests that the SEIS2016 age scale is precise enough to reconstruct seasonal scale variations.
Notably, several anomalous Na + peaks were found in summer months (Figure 4 ). These anomalous peaks do not indicate incorrect dating, but rather show the short irregular fluctuations in the Na + concentration. For example, in 1972, the Na + concentration was at a maximum in August (110 μg/kg), but the second highest value was detected in March (40 μg/kg) (Figure 4a ). The presence of such intraannual peaks is an obstacle in dating based on ion concentration alone. In general, for annual layer identification, such two closely spaced peaks can be identified by irregular annual layer thicknesses (Rasmussen et al., 2006) . The isotope matching dating technique, as presented here, overcomes this challenge by using a template δ 18 O profile generated from isotope simulations. The isotope ratio also has intraannual peaks, which will be discussed in the next section.
The varying uncertainty from section to section was calculated by using an algorithm (Scholz & Hoffmann, 2011) based on a Monte Carlo simulation fitting ensembles of straight lines to subsets of the age data. To calculate a confidence limit, an age determination error at each tie point should be assigned. We assumed that the error at each tie point is ±1 month because most of intratannual δ 18 O model peaks, selected for tie points, consist of three data points ( Figure 3) . In most periods, the 95% confidence limit is around 1 month (average ± 0.9 month). There are, however, larger uncertainties where the number of tie points is small (Figure 3 ). The largest uncertainty was found in October 2004 (±2.4 month). Thus, we estimate that the precision of the SEIS2016 age scale is within a few months.
Missing Isotope Minimum in the 1995/1996 Winter
The δ The iso-GSM data depict a positive anomaly of δ 18 O in precipitation around the SE core site (Figure 7a ), suggesting that this phenomenon occurred regionally in south-eastern Greenland. The 1995/1996 winter season featured recurring and unusual weather patterns throughout the middle latitudes of the Northern Hemisphere, which were associated with an abnormal planetary-scale pattern of storm tracks and westerly winds that extended from the North Pacific Ocean eastward through Eurasia (Climate Prediction Center, 1996) . During the winter 1995/1996 the air temperature at 2 m height in Greenland shows an anomaly of +4°C (Figure 7b ). This warming partly explains the high δ 18 O value. However, considering the slope of the regression line between the SE-Dome δ 18 O and ERA40-I temperature (0.41‰/°C, r 2 = 0.46, p < 0.01), the 4°C warming corresponds to only a 1.6‰ increase in δ 18 O, which is insufficient to explain the~3-5‰ higher value during the 1995/1996 winter. Figure 7c shows the wind speed anomaly at the 850 hPa pressure level, where the westerly wind was significantly reduced over the North Atlantic Ocean. This negative anomaly of the 850 hPa wind suggests that the 
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origin of the water vapor for the SE-core site was closer than usual, which would lead to a shorter transport distance for water vapor and result in less depleted δ
18 O values. Moreover, the SST anomaly indicates cooling around the ocean offshore Greenland (Figure 7d ). This low SST causes a smaller temperature difference between the SE-core site and moisture source and may lead to higher δ 18 O values because of the smaller amount of rainout during Rayleigh fractionation (Dansgaard, 1964) . In summary, the high δ 18 O value in the 1995/1996 winter was likely caused by a combination of warmer air temperature at SE-Dome, reduced wind speed in the North Atlantic region, and lower SST offshore of Greenland.
Correlation Between δ 18 O and Air Temperature
18
O record correlates well with the ERA-40-I air temperature during 1960-2014. The correlations are statistically significant for not only the annual average but also the variations in each season for spring (March-April-May (MAM)), summer (June-July-August (JJA)), autumn (September-October-November (SON)), and winter (December-January-February (DJF)) ( Table 2) In central and south Greenland, δ 18 O is strongly influenced by the North Atlantic Oscillation (NAO) (Vinther et al., 2010; White et al., 1997) , while a weaker influence was detected at the northern site, NEEM (MassonDelmotte et al., 2015) . The correlation between SE-Dome δ 18 O and the NAO index is summarized in Table 2 . Here we used the principal-component based indices of the NAO (Hurrell, 2003) . The highest correlation was found between the winter δ
O values and winter NAO index (r = À0.49), as also found in the first principal component signal from seven Greenland ice cores (Vinther et al., 2003) . Figure 8 shows the time series of the winter δ
18 O values and winter NAO index. The records show very similar interannual trends as found in the winter temperature record. These winter correlations suggest that the winter temperature in the SE-Dome region is controlled by the Icelandic Low.
It should be noted that the correlation between ERA-40-I and SE-Dome δ
O is partly a result of our dating method and the characteristics of the models. Figure 9 illustrates the intercorrelation between the SE-Dome core, isotope models, and ERA reanalysis data. The air temperature and δ
O are correlated in the model (r = 0.61 for REMO-iso, r = 0.68 for iso-GSM), and the temperature variations in the isotope models are also well correlated with the reanalysis data. Consequently, the correlation between the temperature and SE-Dome δ 18 O was expected because the SE-Dome δ 18 O was matched to δ 18 O model . On the other hand, the high correlation between the SE-Dome δ 18 O and temperature did not depend entirely on the dating method.
In fact, the coefficient of determination between the ice core δ 18 O and model δ 18 O values, R 2 = 0.44-0.47,
indicates that only about half of the variance of the model δ 18 O can be explained by the ice core observations. The remaining variations are caused by the uncertainty in the reanalyzed meteorological data and the physical and isotope-fractionation processes described in the models. In this context, the observed correlation between the SE-Dome core δ 18 O and ERA-40-I temperature should be interpreted as evidence of the δ 18 O-temperature correlation simulated in the models and of the seasonal-scale precision of SEIS2016 age scale.
Snow Accumulation During 1960-2014
The SEIS2016 age scale allows us to evaluate the past variations in snow accumulation at the SE-Dome core site. Unlike the relationship of δ 18 O versus temperature, the accumulation is independent of the precipitation 
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amount from ERA-40-I, because it is reconstructed directly from the thickness of the ice layers ( Figure 9 ). Furthermore, in the models, the correlation between δ 18 O and the monthly accumulation is weak (r = 0.08-0.20), suggesting that a minor impact of the precipitation amount on δ 18 O. Therefore, the high correlation of the δ 18 O values in the SE-Dome core and models does not guarantee the accuracy of the precipitation amounts in the models.
The reconstructed annual accumulation rate during 1960-2014 was 1.02 ± 0.21 m yr À1 (average ± standard deviation) ( Table 3) . The seasonal accumulation rate shows no seasonal difference: 0.25 ± 0.07 m, 0.25 ± 0.09 m, 0.27 ± 0.09 m, and 0.25 ± 0.07 m for spring, summer, autumn, and winter, respectively (Table 3 ). The high snow accumulation without significant seasonality in the SE-Dome core suggests that this coring location is ideal for preserving the past environmental changes with minimum biases of seasonality.
The annual accumulation rate shows an increase with a slope of 3.6 mm yr À1 from 1960 to 2014 (r = 0.28, p < 0.05) (Figure 10) . The autumn accumulation rate also shows a clear increasing trend with a slope of , although the significance is low (r = 0.25, p < 0.10). Interestingly, there is no significant increasing (nor decreasing) trend in the other two seasons. The increasing annual accumulation rate is therefore mainly caused by the autumn accumulation rate.
The ERA-40-I precipitation amount during 1960-2014 bears a strong similarity to the accumulation data from the SE-Dome core. First, the average precipitation amount in ERA-40-I during 1960-2014 of 0.98 ± 0.22 m yr À1 agrees well with the reconstructed annual accumulation rate from the SE-Dome core (Table 3) . Second, the interannual correlations are statistically significant for the annual, autumn, and winter records (Table 3 and Figure 10 ). Finally, the increasing trends of the accumulation rates found in the SE-Dome data are consistent with those in the ERA-40-I precipitation data for the annual (3.5 mm yr À1 ) and autumn (2.1 mm yr
À1
) records (Figure 10 ).
This increasing accumulation rate is likely linked to the decrease in Arctic sea ice area in summer and autumn due to global warming (e.g., Vihma, 2014) . The increase in precipitation is explained by an enhanced local evaporation due to sea ice retreat (Bintanja & Selten, 2014 ) and a reinforced poleward moisture transport (Zhang et al., 20136) . A quantitative breakdown of the origin of increases in Arctic precipitation in projected 21st century is estimated to 60% by local evaporation (peaking in late autumn and winter) and 40% by the remote moisture transport (peaking in summer and early autumn) (Bintanja & Selten, 2014) . Thus, the increasing accumulation rates in autumn and winter in the SE-Dome record suggest that the enhanced hydrological cycle probably caused by the decrease in Arctic sea ice area.
Regarding the precipitation amount in summer and winter, there are significant disagreements between the SE-Dome core and ERA-40-I data. In summer, the estimated accumulation from the SE-Dome data, 0.25 ± 0.09 m yr À1 , is larger than that of the ERA-40-I data, 0.17 ± 0.06 m yr
. On the other hand, in winter, the SE-Dome accumulation of 0.25 ± 0.07 m yr À1 is smaller than the ERA-40-I value, 0.32 ± 0.12 m yr À1 . This mismatch cannot be explained by sublimation of the SE-Dome core, because the large summer accumulation of SE-Dome data contradicts the possible bias caused by sublimation loss during summer. The uncertainty of the SEIS2016 age scale either cannot explain the mismatch because (1) the shorter summer (or longer winter) length in the SE-Dome core creates other mismatches in the neighboring lengths of spring and autumn, during which the SE-Dome accumulation and ERA-40-I precipitation are consistent, and (2) the SE-Dome δ 18 O and ERA-40-I temperature are significantly correlated in all seasons (Table 2 and section 3.4.), implying the validity of the SEIS2016 age scale. Therefore, the disagreement suggests that the ERA-40-I data Figure 9 . Schematic relationship among the SE-Dome, isotope model (REMO-iso and iso-GSM), and ERA-40-I data. The numbers indicate correlation coefficients, r, for REMO-iso (R) and for iso-GSM (G).
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underestimate the precipitation amount during summer by 38% and overestimate it during winter by 28% at the SE-Dome location.
The biased stronger seasonality in the ERA-40-I data would result from characteristics of the forecasting models of ERAs mainly because of sparse meteorological observation points in Greenland. Note that the ERA-40-I data reproduced a strong seasonality, summer minimum, and winter maximum in precipitation, at Tasiilaq meteorological station (25 m asl; Figure 1 ) (Cappelen et al., 2001) 190 km away from the SE-Dome region. Therefore, we argue that precise reproduction of weather near SE-Dome region appears to be difficult ) and ERA-40-I precipitation data (red). (b-e) The same as in Figure 10a but for spring (March-May), summer (June-August), autumn (SeptemberNovember), and winter (December of the last year to February), respectively. The dotted lines indicate the linear regression lines for the SE-Dome data (black) and ERA-40-I (red).
Journal of Geophysical Research: Atmospheres
10.1002/2017JD026716
partly because of its complex and steep topography. In the future, those uncertainties can be reduced by a high-resolution climate model (Satoh et al., 2014) and developments of technique such as data assimilation of precipitation (Lien et al., 2013) .
Limitations and Advantages of Isotope Matching Dating
The dating method using isotope matching can only be applied to the period for which the isotope simulation data are available, which is typically after the 1970s but can potentially be extended to the late 19th century using historical weather simulations (Compo et al., 2011; Yoshimura, 2015) . Although this method may not be applicable to alpine glacier cores where significant surface melt occurs, it can be applied to ice cores drilled at high snow accumulation sites, where the postdepositional processes are insignificant. Ice cores from alpine glaciers are promising targets because they often suffer from unclear δ 18 O seasonal cycles (e.g., Shiraiwa et al., 2002; Yasunari et al., 2007) . Precise time scales with monthly time resolution would provide valuable atmospheric environmental data from ice cores, such as on black carbon (e.g., McConnell et al., 2007) , radiogenic aerosols (e.g., Beer et al., 1988) , and stable isotopes of nitrate and sulfate (e.g., Geng et al., 2014) .
Potentially, this method can be more widely applicable to other sites and water-isotope based climate proxies (e.g., corals, tree ring cellulose, and speleothem) using a proxy system model (Dee et al., 2015; Evans et al., 2013) , which calculates a complete set of forward physical processes (Evans et al., 2013) . Even for ice cores drilled at low snow accumulation sites, it would be possible to model δ 18 O diffusion and other postdepositional processes such as sublimation or exchange with water vapor (Steen-Larsen et al., 2014; Town et al., 2008; Hoshina et al., 2014 Hoshina et al., , 2016 . The proxy system modeling has been used for data assimilation-based reconstructions using a global network of ice cores as well, though the temporal resolution is still annual scale (Steiger et al., 2017) . The method is developing rapidly, and a recent study showed that the proxy data, rather than reconstructed environmental information, can be assimilated directly for climate reconstructions (Okazaki & Yoshimura, 2017) . In summary, with the help of proxy system modeling, the dating method based on isotope matching will give accurate chronology for these archives and subsequently also provide precise data for accumulation rate or growth rate for each material archives.
Conclusions
We have presented a new δ
18
O record from an ice core obtained in southeast Greenland at SE-Dome. The SE-Dome core is dated based on pattern matching of the δ 18 O variations between the ice core record and a simulated template. The accuracy of the SEIS2016 age scale is confirmed by multiple age markers. The precision of the age scale is approximately a few months during 1960-2014. Our analyses suggest that the winter 1995/1996 did not produce a δ 18 O minimum because of a combination of warm air temperature, weak moisture transport, and cooler SST in the moisture source region.
The precise age scale provides a reliable record of snow accumulation rates during 1960-2014 at SE-Dome. The reconstructed annual accumulation rate increases with a slope of 3.6 (mm yr À1 ), which is mainly caused by the increase in the autumn accumulation rate (2.6 mm yr
À1
). This increasing accumulation rate is likely linked to the enhanced hydrological cycle caused by the decrease in Arctic sea ice area. Our reconstructed accumulation implies that the ERA reanalysis data underestimate the accumulation in summer by 38% and overestimate it in winter by 28% at the dome site. However, this discrepancy could be due to small-scale variations in the region not represented by the reanalysis/models.
There is no seasonality of the accumulation rate, suggesting that seasonally unbiased climate records can be retrieved. Minimum effects of postdepositional processes are also expected because of the high accumulation rate (1.02 ± 0.21 m yr
). The SE-Dome is therefore an ideal site for retrieving the past climate history. The SEIS2016 age scale provides a basis for forthcoming data on inorganic and organic aerosols, stable isotopes of nitrate and sulfate, and radiogenic nuclides from the SE-Dome core.
